ABSTRACT: This report evaluates the performance of selected commercially available moisture cure urethane (MCU) and calcium sulfonate coating systems. It includes product descriptions for each type of system. The primary purpose of these coating systems is as overcoat materials for aged lead-containing paints.
2. 
Background
The revised Federal Acquisition Regulation requires that government agencies procure commercial services and products to the greatest extent practicable. Procurement of commercial products should be based on performance rather than composition. The U.S. Army Corps of Engineers is in the process of developing product descriptions for paint systems that will be used for overcoating aged leadbased paint systems.
Objective
The objective of this work was to evaluate the performance of selected commercially available moisture cure urethane (MCU) and calcium sulfonate coating systems and to develop product descriptions for each type of system. The primary purpose of these coating systems will be as overcoat materials for aged lead-containing paints.
Approach
In order to accomplish this work, a market survey was conducted, coating systems were tested, data were compiled and analyzed, and draft product descriptions were developed.
Mode of Technology Transfer
Information from this report, and a subsequent report on the development of product descriptions for overcoating systems, will be incorporated into Unified Facilities
Guide Specification (UFGS) 09965, Painting: Hydraulic Structures. 
Market Survey
A market survey was conducted to determine the commercial availability and general properties of MCU and calcium sulfonate coating systems. Coatings manufacturers were surveyed and data were compiled on nine MCU and six calcium sulfonate coating systems. The data were compiled from the manufacturers' published data sheets and are descriptive of the coating systems' performance and other salient properties including but not limited to dry time, hardness, flexibility, gloss, and impact, corrosion, water, and hydrocarbon resistances. The market survey also establishes the number of coats and the specific products comprised by the systems. Tables 1, 2 , and 3 * provide the results of the market survey for MCU prime, intermediate, and topcoats, respectively. Table 4 shows calcium sulfonate market data.
Laboratory Evaluation
Three MCU and three calcium sulfonate coating systems were selected for evaluation in accelerated laboratory testing. MCU and calcium sulfonate systems are described in Tables 5 and 6 , respectively.
Test Panel Preparation
Test panels of American Society for Testing and Materials (ASTM) A36 steel measuring 3 x 6 x 0.25 inches were solvent and blast cleaned in accordance with Society for Protective Coatings (SSPC) standards SP 1 and SP 5. A nonmetallic blast medium (DuPont Starblast ® ) was used to impart an average profile of 2.1 mils.
* Tables are shown beginning at the end of this chapter.
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Paint Application
The coatings were applied by conventional spray in accordance with the manufacturers' recommendations. Tables 5 and 6 show the dry times between coats.
Coating Thickness
Dry film thicknesses (DFTs) were measured and recorded for each coat of paint on each test panel using a magnetic DFT gage calibrated and used in accordance with ASTM D 1186. Tables 5 and 6 show average DFTs.
Drying of Test Panels
Coated MCU test panels were allowed to air dry under standard laboratory conditions for a minimum of 7 days prior to testing. Calcium sulfonate coated panels were dried for 14 days.
Scribing of Test Panels
Prior to exposure, two scribes (each 6-cm long) were made through the coating to the substrate at 45 degrees to the long axis of the test panels. The scribes were equally spaced from each other and from the edges of the panels and were centered on the upper and lower halves of the panels. Scribing was performed with the tool specified in ASTM D 1654.
Cyclic Corrosion Testing
The corrosion resistances of the coating systems were evaluated by ASTM D 5894, Standard Practice for Cyclic Salt Fog / UV Exposure of Painted Metal (Alternating Exposures in a Fog/Dry Cabinet and a UV/Condensation Cabinet). All panels were exposed in the ultraviolet (UV) exposure cabinet to begin the first cycle. Triplicate panels for each coating system were exposed for a total of 2688 hours.
Test Panel Evaluation and Data Reporting
Each test panel was evaluated at the end of the exposure period for rusting, blistering, and undercutting at the scribe in accordance with ASTM D 610, D 714, and D 1654, respectively, except that for undercutting the coating was completely removed adjacent to the scribe to the extent that it was necessary to reveal the entire area subject to undercutting. Table 7 lists the degree of rusting, blister size, density and location, and maximum undercutting on each side of each scribe for each test panel.
Data Analysis
The scribe parameter, or upper limit of the mean maximum undercutting at the 95-percent confidence level, was calculated for each coating system and is reported in Table 7 . The scribe parameter is calculated as the sum of the mean maximum undercutting and two standard deviations.
Draft Product Descriptions
Draft product descriptions were developed to provide a generic description of the coating system, salient characteristics, and performance requirements. Salient characteristics are those necessary to adequately describe the coatings system. Selected performance criteria are descriptive of the better performing coatings of each type. Draft product descriptions are attached as Appendices A and B. Application Characteristics Table 7 . Laboratory performance data.e data. 
System
Conclusion
A market survey of commercially available MCU and calcium sulfonate overcoating coating systems was completed. Three systems of each type were selected for laboratory evaluation and accelerated testing. These results were used to develop product descriptions describing the general and salient characteristics, and the performance requirements are given in Appendices A and B. 
References Federal Specifications and Standards
General Description
This paint system consists of commercially available primer and topcoat products containing calcium sulfonate, solvent, pigment, and additives. The products shall be suitable for overcoating aged alkyd coatings. Wide latitude is afforded the formulator provided the products meet the specified requirements. The paints shall not contain lead, cadmium, chromium, or chlorinated solvents. The products shall be suitable for application at temperatures of 35 °F (2 °C) and above. Thinning shall be permitted up to a maximum of 10 percent by volume.
Requirements
The coatings shall comply with the following requirements:
(1) Working Properties. The paints shall be readily applied by brush, roller, or spray when tested in accordance with Federal Standard (FED-STD)-141, Methods 4321, 4331, and 4541. The paint shall not streak, run, or sag during or after application.
(2) Dry Time. When tested in accordance with American Society for Testing and Materials (ASTM) D 1640, set-to-touch and recoat times shall not be greater than 24 h and 1 h, respectively, when applied at the manufacturer's maximum recommended dry film thickness.
(3) Weight Solids. When determined in accordance with ASTM D 2369, the solids by weight shall not be less than 66 percent.
(4) Volume Solids. When determined in accordance with ASTM D 2697, the volume solids shall not be less than 60 percent.
(5) Viscosity. When determined in accordance with ASTM D 562, the viscosity shall be in the range of 80 to 120 Krebs Units.
(6) Flash Point. When determined in accordance with ASTM D 3278, the flash point shall not be less than 105 °F (40 °C).
(7) Adhesion. When determined in accordance with ASTM D 3359 Method B, the adhesion shall be 5B.
(8) Gloss. When determined in accordance with ASTM D 523, the 60-degree specular gloss shall be in the range of 5 to 30 units.
(9) VOC. When determined in accordance with U.S. Environmental Protection Agency (EPA) Method 24, the maximum volatile organic content (VOC) shall be 320 g/L.
(10) Color. The color shall conform to the specified FED-STD-595 color number or other color as specified on the schedule.
(11) Corrosion Resistance. When tested in accordance with the following protocol the test panels coated with primer and topcoat shall show no blistering or rust when evaluated in accordance with ASTM D 714 and D 610, respectively. The upper limit of the mean maximum undercutting at the 95-percent confidence level shall not be greater than 0 (zero) mm.
(a) Test panel preparation. Test panels shall be ASTM A 36 steel measuring 3 x 6 x 0.125 inches. Prior to applying the paint systems, the test panels shall be solvent and blast cleaned in accordance with SSPC-SP 1 and SP 5. Nonmetallic blast media shall be used to impart an angular profile of between 1.5 and 2.5 mils.
(b) Paint application. The coatings shall be spray applied using the manufacturer's recommended equipment and application parameters. Unless otherwise designated by the manufacturer, the dry time between the primer and topcoat shall be 4 h.
(c) Coating thickness. Dry film thicknesses (DFTs) shall be measured and recorded for each coat of paint on each test panel using a magnetic DFT gage calibrated and used in accordance with ASTM D 1186. Unless otherwise specified, the average DFT of each coat on each panel shall be the manufacturer's recommended thickness ± 20 percent. For coatings with a recommended DFT range, the manufacturer's recommendation shall be assumed to be the median of the range. Test panels not meeting the dry film requirements shall not be used.
(d) Drying. Coated test panels shall be allowed to air dry under standard laboratory conditions for a minimum of 14 days prior to testing.
(e) Scribing. Prior to exposure, two scribes (each 6-cm long) shall be made through the coating to the substrate at 45 degrees to the long axis of the test panels. The scribes shall be equally spaced from each other and from the edges of the panels so they are centered on the upper and lower halves of the panels. Scribing shall be performed with the tool specified in ASTM D 1654.
(f) Cyclic corrosion testing. The corrosion resistance of the coating system shall be evaluated by ASTM D 5894. Test panels shall be exposed in the ultraviolet (UV) exposure cabinet to begin the first cycle. Triplicate panels for each coating system shall be exposed for a total of 2,688 h.
(g) Test panel evaluation and data reporting. Each test panel shall be evaluated at the end of the specified exposure period for rusting, blistering, and undercutting at the scribe in accordance with ASTM D 610, D 714, and D 1654, respectively, except that for undercutting the coating shall be completely removed adjacent to the scribe to the extent that it is necessary to reveal the entire area subject to undercutting. Degree of rusting, blister size, density and location, and maximum undercutting on each side of each scribe shall be reported for each test panel.
